This study investigated the association between polymorphisms (-607A/C and -137G/C) in the promoter region of the IL18 gene (which encodes interleukin [IL]-18) and serum levels of IL-18, using standard genotyping techniques (sequence specific primer-polymerase chain reaction) and an enzyme-linked immunosorbent assay, respectively, in patients allergic to penicillin. A higher frequency of A alleles and the AA genotype was found at position -607A/C in patients allergic to penicillin than in control subjects. For the -137G/C position, the C allele was more frequent in patients allergic to penicillin than in control subjects. Haplotype analysis showed that the -607A/-137C haplotype was more frequent in patients allergic to penicillin than in control subjects. The patients had a significantly higher serum IL-18 level than the control subjects. In conclusion, IL18 -607A/C and -137G/C promoter polymorphisms are associated with susceptibility to penicillin allergy. In particular, the -137G/C position appears to play an important role in IL18 expression.
Introduction
Penicillins are a group of antibiotics widely used in clinical practice, yet it is common to receive frequent reports of penicillin allergy ranging from skin rashes to allergic shock or even death. 1 Thus, the application of penicillin has been limited. 1 Moreover, fear of anaphylaxis has led many clinicians to over-diagnose penicillin allergy and avoid using penicillins in appropriate situations. 2 Thus, it is of major clinical interest to study the mechanism of penicillin allergy.
Allergy is a multifactorial condition with an allergic onset; its severity depends on both genetic and environmental factors. 3 It has been postulated that the interaction between environmental factors and specific genes during exposure to the environment in early life contributes to the subsequent development of allergy. 4 In previous studies, some loci and candidate genes have been found to have an indirect association with penicillin allergy, including FcεRIβ (which encodes FcεRI), E237G, IL4RA (which encodes interleukin [IL]-4 receptor chain), Q576R, I75V, and TNFA (which encodes tumour necrosis factor-α). 2, 5, 6 The specific candidate genes associated with penicillin allergy and L Ming, Q Wen, H-L Qiao et al. IL18 gene polymorphisms in penicillin allergy the clinical significance of the genetic variations within these genes remain largely unknown. 7 Interleukin-18 is produced by a wide range of immune cells, such as monocytes, macrophages and dendritic cells. 8, 9 IL-18 was the first cytokine that was shown, through its activation of T-cells, to produce abundant interferon (IFN)-γ without T-cell receptor engagement. 10 Thus, it is generally believed that IL-18 is involved in cellular immunity through both natural killer (NK) cell activation and T-helper (Th)1 induction. Paradoxically, it was found that IL-18 directly stimulates the production of Th2 cytokines in vivo. 8, 11 Daily administration of IL-18 was shown to induce a dose-dependent increase of serum immunoglobulin E levels in mice regardless of the existence of allergen. 10 Moreover, transgenic mice spontaneously over-expressing the IL18 gene have increased serum levels of both Th1 (IFN-γ) and Th2 (IL-4) cytokines. 12 These findings indicate that IL-18 has both antiallergic and allergypromoting effects. 8, 13 Kruse et al. 14 reported that single nucleotide polymorphisms (SNPs) in the promoter region of the IL18 gene were significantly associated with allergic rhinitis. Moreover, IL-18 has been found to play an important role in asthma and atopic dermatitis. 15, 16 The role of polymorphisms of the IL18 gene in penicillin allergy remains largely unknown. Thus, the present casecontrol study investigated the role of serum levels of IL-18 in penicillin allergy and whether the IL18 gene is a candidate gene associated with penicillin allergy.
Patients and methods

PARTICIPANTS AND STUDY DESIGN
The study was conducted in patients with penicillin allergy and in healthy control subjects. All subjects were of Chinese Han nationality from the Henan Province, China, and were recruited from the First Affiliated Hospital of Zhengzhou University (Zhengzhou, China) from December 2007 to July 2009. A pretested questionnaire, administered by trained personnel, was used to collect related information including: demographic and residential characteristics, such as age, sex, height, weight; a full history of penicillin allergy (penicillin G, phenoxymethylpenicillin, ampicillin, amoxicillin, etc.); other drug allergy; atopy (including atopic dermatitis, asthma, allergic rhinitis, etc.); and family history of allergy (including drug, food, pollen, house dust mite, etc.). The investigator in charge of drawing blood samples was blinded to the laboratory results. Written informed consent was obtained from each participant and the study was carried out with approval from the Ethics Committee of Zhengzhou University.
The inclusion criteria for the allergic patients included a positive skin test, or typical allergic symptoms including anaphylactic shock, urticaria and dyspnoea, but without developing a skin rash after penicillin administration. The patients with typical allergic symptoms were also categorized as either an immediate response group or a non-immediate response group according to the initiation time of the allergic symptoms being < 1 h or ≥ 1 h after drug administration, respectively. The control subjects, who had used penicillins previously without any reported allergic reactions, underwent the skin test and had to show a negative result. They were selected based on having no evidence of any personal or family history of allergic reactions or atopy. Eligible controls were matched to the cases on the basis of age, gender and residency.
BLOOD SAMPLES
Blood samples were drawn from all the participants at the time of the clinical L Ming, Q Wen, H-L Qiao et al. IL18 gene polymorphisms in penicillin allergy manifestations and/or at the time of a positive skin test for patients and at the time of the skin test for controls. After clotting for 2 h at room temperature, the sera were separated and stored at −30°C for future use. Genomic DNA was extracted from the whole blood samples using a standard phenolchloroform extraction method followed by ethanol precipitation and stored frozen at -80°C until use.
SKIN TEST FOR PENICILLIN ALLERGY
The skin test was performed on all enrolled participants according to the method described in detail previously. 5 Briefly, Penicillin G sodium (North China Pharmaceutical Group, Shijiazhuang, China) was diluted in saline to a final concentration of 200 U/ml to form the reagent. A volume of 0.1 ml (20 U) of the reagent was injected subcutaneously on the inner side of the forearm for intradermal testing and the wheal diameter was measured 20 min after injection. The formation of erythema with a diameter > 5 mm was taken as a positive reaction.
ELISA FOR SERUM IL-18 QUANTIFICATION
Serum IL-18 concentrations were determined using a human IL-18-specific enzyme-linked immunosorbent assay (ELISA) kit from Bender MedSystems (Vienna, Austria) according to the manufacturer's instruction. The lowest detection level of the kit was 9 pg/ml,
GENOTYPING OF THE IL18 GENE POLYMORPHISMS
The genotypes and alleles of the IL18 gene polymorphisms were analysed by sequence specific primer-polymerase chain reaction (PCR) at positions -607 and -137 in the promoter region of the IL18 gene. 17, 18 The PCR reaction was carried out in a total volume of 20 µl consisting of 2.0 µl 10 × PCR buffer (TaKaRa Bio Inc., Otsu, Japan), 200 µmol/l dNTP, 0.25 µmol/l primers, 30 -100 ng genomic DNA and 0.5 U Taq DNA polymerase. The amplification programme was accomplished by an initial denaturation at 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, 56°C for 30 s and 72°C for 45 s, with a final extension of 72°C for 5 min.
In each polymorphic site, a common reverse primer and two sequence-specific forward primers were used and two PCR reactions were performed independently for each individual DNA. For -607A/C genotyping, a common reverse primer (5′-TAA CCT CAT TCA GGA CTT CC-3′) and two sequence-specific forward primers (5′-GTT GCA GAA AGT GTA AAA ATT ATT AC-3′ and 5′-GTT GCA GAA AGT GTA AAA ATT ATT AA-3′) were used to produce an amplification product of 196 base pairs (bp). A control forward primer (5′-CTT TGC TAT CAT TCC AGG AA-3′) was used to amplify a 301-bp fragment covering the polymorphic site as an internal positive amplification control. For -137G/C genotyping, a common reverse primer (5′-AGG AGG GCA AAA TGC ACT GG-3′) and two sequence-specific forward primers (5′-CCC CAA CTT TTA CGG AAG AAA AG-3′ and 5′-CCC CAA CTT TTA CGG AAG AAA AC-3′) were used. An amplification product of 261 bp was detected. A control forward primer (5′-CCA ATA GGA CTG ATT ATT CCG CA-3′) was used to amplify a 446-bp fragment covering the polymorphic site to serve as an internal positive amplification control. Amplification products were identified in all cases using 2% agarose gel electrophoresis.
The specific products generated by PCR from homozygous individuals consisted of only one DNA fragment and those from heterozygous individuals consisted of two L Ming, Q Wen, H-L Qiao et al. IL18 gene polymorphisms in penicillin allergy specific DNA fragments. There were three genotypes named as AA, AC and CC at position -607, and three named GG, GC and CC at position -137.
STATISTICAL ANALYSES
Statistical analyses were carried out using the SPSS ® statistical package, version 16.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Comparisons for statistical significance were performed using the Mann-Whitney U-test (two-tailed P-value) and the Kruskal-Wallis H-test. For genetic comparisons, differences in allele, genotype and haplotype frequencies were evaluated using the χ 2 test. The Hardy-Weinberg equilibrium was tested with the χ 2 test for any of the SNPs under consideration. Linkage disequilibrium and frequencies of haplotypes in the controls and patients were estimated using SHEsis software (Bio-X Centre, Shanghai Jiao Tong University, Shanghai, China; available online at: http://analysis.bio-x.cn/ myAnalysis.php). 19 A two-tailed P-value < 0.05 was considered to be statistically significant.
Results
CHARACTERISTICS OF PARTICIPANTS
The study was conducted in 606 patients with penicillin allergy (261 males, 345 females; mean ± SD age 38.7 ± 18.8 years) and 614 healthy control subjects (286 males, 328 females; mean ± SD age 36.6 ± 16.1 years). A total of 359 patients with penicillin allergy met the inclusion criteria of a positive skin test and the remaining 247 patients had at least one of the typical allergic symptoms, including anaphylactic shock, urticaria and dyspnoea, but without developing a skin rash after penicillin administration. The characteristics of the study participants are given in Table 1 . There were no significant differences between control subjects and patients in terms of age and gender. The clinical symptoms of the patients included shock (81 cases), dyspnoea (98 cases), 
IL18 PROMOTER GENE POLYMORPHISMS
The genotype and allele frequencies of the IL18 −607A/C and −137G/C promoter polymorphisms in patients and control subjects are shown in Tables 2 and 3. In the patient group, at the IL18 -607A/C position, there was a significantly higher frequency of the -607AA genotype compared with the control group (15.5% versus 9.0%, P < 0.01) and a significantly lower frequency of the -607CC genotype (31.4% versus 44.0%, P < 0.01). The A allele occurred significantly more frequently in the patient group than in the control group (42.1% versus 32.5%, P < 0.05); subjects with the A allele had a significantly higher risk of penicillin allergy (odds ratio [OR] 1.509, 95% confidence interval [CI] 1.280, 1.780). Moreover, compared with the control group, significant differences in allele and genotype frequencies of the IL18 −607A/C polymorphisms were also found in each patient subgroup (i.e. those with a positive skin test, immediate reactions, nonimmediate reactions and allergic symptoms [dyspnoea and urticaria]; P ≤ 0.045 for all comparisons) ( Table 2 ). There was no statistically significantly higher frequency of the -607AA genotype in the patient subgroup with the most serious symptom of anaphylactic shock compared with control subjects.
For the IL18 -137G/C polymorphisms (Table 3) , the GG genotype was significantly less frequently detected in patients than in the control subjects (69.3% versus 81.3%, P < 0.01), and the C allele appeared significantly more frequently in patients than in control subjects (15.8% versus 9.5%, P < 0.01); subjects with the C allele had significantly higher risk of penicillin allergy (OR 1.787; 95% CI 1.399, 2.284) Similarly to the -607A/C polymorphism, significant differences were also observed in the allele and genotype frequencies of the IL18 -137G/C polymorphism between the control group and the patient subgroups (i.e. those with a positive skin test, immediate reactions or various allergic symptoms; P < 0.001 for all comparisons) ( Table 3 ).
LINKAGE DISEQUILIBRIUM AND HAPLOTYPE ANALYSIS OF IL18 SNPs
Multiple testing with a two-sided significance level of 5% revealed a nonsignificant deviation of polymorphism from the Hardy-Weinberg equilibrium. When the data were analysed with SHEsis software, the D′ score was 0.349 (a D′ score < 0.5 means no linkage disequilibrium). Four haplotypes of the IL18 gene comprised two-alleles of each polymorphism site ( Table 4 ). The haplotype -607A/-137C was significantly more frequently observed in patients than in control subjects (P = 0.006). Interestingly, the haplotype -607C/-137G was significantly more frequent in control subjects than in patients (P = 0.001).
SERUM LEVEL OF IL-18 AND ITS -607A/C AND -137G/C POLYMORPHISMS
Overall, compared with controls, there were significantly higher serum IL-18 levels in patients (P < 0.01) ( Table 5 ). The serum IL-18 levels in the three genotype groups of the IL-18 -607A/C or -137G/C polymorphisms were also significantly higher in patients than in the control subjects (P < 0.01). Moreover, there was a significantly higher serum IL-18 level in patients with the -137GC and -137CC genotypes versus those with the GG genotype (P < 0.05). 
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Discussion
Penicillin allergy has long been a serious problem in clinical practice, but the underlying mechanisms are not yet completely understood. Although it is generally believed that the mechanisms involved in the allergic reaction to penicillins can be antibody dependent or T-cell mediated, other immunological mechanisms can also play a role, such as cytokines and their polymorphisms. 20, 21 The upstream mechanisms regulating the balance between Th1 and Th2 subsets in penicillin allergy are not clear and need further investigation. It has been reported that IL-18 plays a crucial role in allergic diseases through regulating cytokine synthesis. 22 Thus, the role of IL-18 in allergic reactions has attracted considerable interest. 23, 24 Few studies have, however, investigated the relationship between IL-18 and its gene promoter polymorphisms (-607A/C and -137G/C) in patients with penicillin allergy. Based on published data in this area, 2,5,16,21 the present study was designed to investigate the relationship between serum levels of IL-18 and polymorphisms at positions -607A/C and -137G/C of the IL18 gene promoter region in patients with penicillin allergy.
Several groups have reported that patients carrying the IL18 -607A allele exhibited an increased risk of developing asthma 25 and allergic rhinitis. 26 The present study also showed that the IL18 -607A allele and the -607AA genotype were more frequently observed in patients with penicillin allergy than in the control subjects. Compared with the control subjects, the -607AA genotype was also found at a significantly higher frequency in each of the patient subgroups (i.e. those with a positive skin test, immediate reactions, non-immediate reactions, and allergic symptoms of dyspnoea and urticaria). The -607AA 
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genotype was not, however, significantly more frequent in the patient subgroup with the most serious symptom of anaphylactic shock than in the control subjects. This might be because of the small sample size or it might suggest the involvement of a more complicated biological mechanism in the development of anaphylactic shock.
For the IL18 -137G/C polymorphism, an association was observed between the C allele and penicillin allergy, suggesting that the C allele is a high risk factor for penicillin allergy. This finding was consistent with a recent study in allergic rhinitis. 27 Furthermore, similar results were also observed in the allele and genotype frequencies of the IL18 -137G/C polymorphisms between the control group and the patient subgroups (i.e. those with a positive skin test, immediate reactions or various allergic symptoms). This indicates that the -607A/C and -137G/C polymorphisms may be closely associated with penicillin allergy.
In the haplotype analysis of the IL18 gene, the -607A/-137C haplotype frequency in patients with penicillin allergy was found to be significantly higher than that in the control group, suggesting interaction between the two polymorphisms in terms of susceptibility to penicillin allergy. In other words, the results indicated that the -607A/ -137C haplotype may be associated with susceptibility to penicillin allergy in the Chinese population and that carriage of the A allele at position -607A/C may be a risk factor for the development of penicillin allergy. Moreover, it was interesting to observe that the haplotype -607C/-137G seemed to have a protective effect against penicillin allergy, although the reason is unclear. Thus, further studies should be undertaken to analyse the putative relevance of IL18 -607A/C and -137G/C polymorphisms in the development of penicillin allergy.
Serum levels of IL-18 were also found to be significantly elevated in patients with penicillin allergy compared with the control group, suggesting that IL-18 might play a part in the pathogenesis of penicillin allergy. Based on the role that IL-18 plays in regulation of the Th1/Th2 balance, IL-18 has • Received for publication 13 October 2010 • Accepted subject to revision 25 October 2010 • Revised accepted 10 January 2011 Copyright © 2011 Field House Publishing LLP the potential to induce immune responses associated with Th2 cells. 28 -30 Thus, the relationship between serum IL-18 levels and the IL18 -607A/C and -137G/C gene promoter polymorphisms was analysed in patients and control subjects. There were significantly higher IL-18 levels in the patient subgroups with different genotypes of the IL18 -607A/C polymorphism compared with control subjects, although no difference in serum IL-18 levels was detected among patients with different genotypes. Consequently, there might be no association between the -607A/C genotype and IL18 expression. For the IL18 -137G/C position, serum IL-18 levels in each patient genotype subgroup were also significantly higher than in the control subjects, however there were also significantly higher serum IL-18 levels in patients with the -137GC and -137CC genotypes than those with the GG genotype. This suggests that the -137C allele is associated with IL18 expression in patients with penicillin allergy and a higher production of IL-18. Studies have indicated that IL-18 may up-regulate the production of IFN-γ, change the activity of NK and cytotoxic T-cells, and trigger complex immunological processes. 11, 18 This association might suggest that up-regulation of total serum IL-18 may be controlled by the genetic predisposition of the IL18 gene, particularly the IL18 -137G/C promoter polymorphism, but the underlying mechanisms of IL-18 expression need further investigation.
In conclusion, IL18 -607A/C and -137G/C promoter polymorphisms were shown to be associated with susceptibility to penicillin allergy. In addition, higher serum IL-18 levels were shown to be associated with a higher risk of penicillin allergy. In patients with penicillin allergy, the -137 position plays an important role in regulating IL-18 production. The -607A/-137C haplotype might be related to penicillin allergy. These results suggest that IL-18 may play an important role in penicillin allergy in the Chinese population.
